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Abstract 
The motivation of this research is to develop a new biopolymer derived from sugar palm tree (Arenga pinnata) which 
can lead to solve non degradable polymer waste disposal problems. Therefore, this paper presents the development of 
alternative biodegradable material developed by using locally available sugar palm starch (SPS) in presence of 
biodegradable glycerol as a plasticizer. The environmental friendly plasticized SPS were successfully prepared using 
15, 20, 30 and 40% w/w of glycerol. The samples were characterized for density, moisture content, water absorption 
and thickness swelling. The results showed that the physical properties i.e. density, moisture content, water 
absorption and thickness swelling of the plasticized SPS become lower with the increasing of glycerol content.  
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1. Introduction 
Petroleum based polymers are extremely stable and commonly used in various industries include food 
packaging, construction, electric and electronic, furniture and automotive. However, the wastes that come 
from petroleum based polymer material have brought negative impact not only for human being, but also 
unfortunately create the serious environmental problems. Thus, the polymers that are derived from natural 
resources will be an alternative to overcome this issue. 
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Starch has been considered as one of the most promising one because of its easy availability, 
biodegradability, lower cost and renewability [1]. Many studies have been reported on biopolymer starch-
based made from various starches such as corn, potato, wheat, rice, sago and cassava but no work has 
been reported on sugar palm starch [2]. Sugar palm tree which also known as Arenga pinnata is one of the 
palm species that can produce a novel biopolymer in spite of using it as a neera sugar, palm wine, vinegar, 
alcohol and source of fibres [3-5]. The inner part of sugar palm stem contains starch and traditionally it 
has been used as raw material for starch and glue substances [6,7]. However, nowadays scientists, 
technologists and researchers make an effort to produce a new biopolymer product based on starch. 
Generally, starch is too brittle for packaging applications [8] and usual approach to improve these 
properties of biopolymer is via addition of plasticizer. By having lower molecular weight and nonvolatile 
substance, it would be able to reduce biopolymer chain-to-chain interactions, resulting in improved 
biopolymer flexibility and stretch ability [2]. Therefore the main objective of this work is to utilize a novel 
biopolymer derived from Arenga pinnata to produce or prepare a plasticized sugar palm starch (SPS) 
biopolymer and investigate the effect of plasticizer on the physical properties.  
2. Experiment 
2.1. Preparation of sugar palm starch 
The sugar palm starch (SPS) was collected from sugar palm tree at Jempol, Negeri Sembilan, 
Malaysia. Firstly, the woody fibres and starch powder were obtained from the interior part of the trunk. 
This mixture was then washed out to obtain the starch. The starch was kept in an open air for a moment 
and dried in an air circulating oven at 120 qC for 24 h. 
2.2. Fabrication of plasticized SPS  
The plasticized sugar palm starch (SPS) biopolymer was prepared by the addition of glycerol in              
a specific ratio such as 15, 20 30 and 40% w/w. The mixture was stirred and maintained at 40 °C              
for 30 min. The mixture was cast in an iron die and was kept for pre-curing at room temperature (28 °C) 
for 24 h. Finally, the sample was cured by hot pressing in a Carver hydraulic hot press at 130 °C for              
30 min under the load of 10 ton. The final shape was in the form of plates with dimensions of             
150 cm × 150 cm × 0.3 cm. 
2.3. Determination of the density 
The density (ȡ) of plasticized SPS was determined by dividing the weight (m) and volume (V) of a 
sample as shown below: 
V
m U   (1) 
where 
ȡ = the density of plasticized SPS 
m = the weight of plasticized SPS 
V = the volume of plasticized SPS 
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2.4. Determination of moisture content  
All of the specimens with a dimension of 10 mm × 10 mm × 3 mm were weighted using a weighing 
balance and recorded as M1. The samples were dried in the oven at 105 ºC for 24 h and reweighted (M2). 
The moisture content was calculated using formula shown below: 
100 (%)content  Moisture
1
21 u 
M
MM   (2)   
where, 
M1 = weight of air dried sample (g) 
M2 = weight of oven dried sample (g) 
2.5. Water absorption testing 
The water absorption testing was done based on modified method conducted by other research group 
[9]. The specimens with a dimension of 10 mm × 10 mm × 3 mm were immersed for 30 min in distilled 
water. Ten specimens of each type of biopolymer were tested and average value was taken as a final 
results. Weight gain and thickness swelling were calculated using the following equations:  
100 (%) WG gain,Weight 0 u 
t
t
W
WW   (3)  
where, 
W0 = weight before soaking into water (g) 
Wt = weight after soaking into water (g) 
100 (%) TS swelling, Thickness 0 u 
t
t
T
TT   (4) 
where, 
To= initial thickness (mm) 
Tt = final thickness (mm) 
2.6. Surface morphology 
The surface characteristics of plasticized SPS specimen was examined by Dino-Lite Digital 
Microscope (ANMO Electronics Corporation, Hsinchu, Taiwan) in order to observe the distribution and 
miscibility of plasticizer in starch. 
3. Results and Discussion 
3.1. Physical properties of plasticized SPS 
Figure 1 shows the density results of plasticized SPS. From the Figure 1, it found that the densities of 
plasticized SPS are 1.46 g/cm3, 1.44 g/cm3, 1.40 g/cm3 and 1.32 g/cm3 for 15, 20, 30 and 40% w/w 
glycerol contents respectively. This revealed that the density of plasticized SPS decreased linearly with 
the increase of glycerol. The density of all plasticized SPS was in between the density of sugar palm 
starch (1.54 g/cm3) and the glycerol (1.26 g/cm3). For the moisture content analysis, it was observed that 
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the moisture content also decrease with increase in glycerol as shown in Figure 2. Results indicate that            
all plasticized SPS have higher water solubility (13.2%, 12.5%, 11.9% and 10.3% for 15, 20, 30 and           
40% w/w glycerol contents respectively) due to the hydrophilic behaviour for both sugar palm starch and 
glycerol.   
Fig. 1. Density of plasticized sugar palm starch (SPS) Fig. 2. Moisture content of plasticized sugar palm starch (SPS) 
3.2. Water absorption of plasticized SPS 
Water absorption test result is presented in Figure 3. From the figure, it shows that the water absorption 
rates of plasticized SPS were 20.1, 17.1, 10.3 and 7.2% for 15, 20, 30 and 40% w/w glycerol contents 
respectively. In general, the weight gain due to water absorption of the plasticized SPS linearly decreased 
with the increase of glycerol. The decrease of the water content in plasticized SPS indicated that glycerol 
was a better water resistant material where less water gain was observed in the plasticized SPS. The 
causation of this phenomenon can be attributed to the fact that the glycerol formed stronger hydrogen-
bond with sugar palm starch which restrained the water molecule to combine to the plasticizer or to the 
sugar palm starch. The result also showed that when the glycerol content was higher, stronger hydrogen-
bond formed between plasticizer and the sugar palm starch. It was harder for water molecule to penetrate 
into the plasticized SPS and as a result, plasticizer-water interactions and starch-water interactions were 
very weak relatively, so that the plasticized SPS presented lower water absorption at the high glycerol 
concentration.  
Fig. 3. Weight gain of plasticized sugar palm starch (SPS) Fig. 4. Thickness swelling of plasticized sugar palm starch (SPS) 
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Similar finding on the decrease in water content of plasticized biopolymer was also reported by the 
other groups [10] where the water absorption decreases when the plasticizer (ethylenebisformamide) 
content was higher than 25%. While Ma et al. [11] claimed that the starch is a multi-hydroxyl polymer 
with three hydroxyl groups per monomer. When plasticizer such as glycerol forms hydrogen bonding with 
the starch, the existing hydrogen bonds between hydroxyl groups in starch molecules will be destroyed. 
This is due to new formation of hydrogen bonding between hydroxyl groups from glycerol and starch. 
Thus enabling the starch to display the plasticizing effect and more difficult for water molecular to 
penetrate into plasticized SPS. Finally, Figure 4 shows the thickness swelling of plasticized SPS. It is 
observed that the trend was similar to the weight gain, indicating the correlation between thickness 
swelling and weight gain due to water absorption. The penetration of water inside a plasticized SPS may 
swell the specimens and hence, resulting in thickness swelling of the plasticized SPS. The more the water 
gain, the thicker the swelling will be. 
3.3. Surface morphology  
Generally, the appearance of all plasticized SPS specimens were relatively smooth with increasing in 
plasticizer content as shown in Figure 5.  
 
 
Fig. 5. Surface morphology of plasticized sugar palm starch (SPS) with (A) 15% glycerol; (B) 20% glycerol; (C) 30% glycerol and 
(D) 40% glycerol of plasticized sugar palm starch (SPS) at 1u magnification 
The number of insoluble particles and air bubbles were significantly also reduced in the plasticized 
SPS. At very high concentrations, i.e. 30 and 40% w/w glycerol, the specimens were very soft and 
unpeelable from the casting surface, whereas at lower glycerol concentrations, the specimens were very 
brittle.These macromolecular properties are affected by the plasticizers, such as glycerol, which are also 
polyols. Lieberman and Guilbert [12] revealed that the plasticizer effectively reduced internal hydrogen 
bonding while increasing intermolecular spacing, thereby decreasing brittleness and increasing 
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permeability of the materials. Glycerol also homogeneously incorporated within a network of hydrogen 
bonds of starch, therefore, the specimens becomes more flexible, soft and transparent [9]. 
4. Conclusion 
The present study demonstrated that a novel plasticized SPS derived from Arenga pinnata starch were 
successfully perpared using different concentration of glycerol (15, 20, 30 and 40% w/w). Based on the 
results, it shows that the physical properties (density, moisture content, water absorption and thickness) of 
the plasticized SPS become lower with the increasing of glycerol contents. Glycerol which acted as 
plasticizer could play a key role in affecting the properties of plasticized SPS biopolymer. Therefore, the 
combinations of plasticizers, as well as the correct concentration should be considered to attain a better 
properties of biopolymer. 
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